Abstract. This project aims at investigating how effective virtual reality is in manipulating and eventually training time perception for children with learning and/or behavior disorders. The interconnectivity of multiple brain regions is needed for time perception. Small dysfunctions in these brain regions may cause time perceiving problems. Likewise, children with attention deficit hyperactivity disorder (ADHD) appear to have comparable dysfunction in time orientation. However, the time perception can be trained in their early ages. In addition, research confirms the effectiveness of virtual reality in improving the sequential time perception of children with mental retardation. This paper presents the theoretical and empirical framework that uses a virtual reality time simulation game for training time perception of children with ADHD.
Introduction
Time is something humans cannot directly perceive with their senses. However, it can be perceived by reasoning on one's surrounding context or the sequence of events that happen within one's local environment [1, 2] . Children as young as 3 year old start developing their sensitivity to duration, and their time perception develops with age [3] . Time perception is a conceptual understanding that enables one's ability to predict, anticipate, and respond to events as past or present occurring in the environment [1, 2] . Children with attention deficit hyperactivity disorder (ADHD) have shown their difficulties in processing, reading, and telling time [4] . Although there are quizzes and tests on the internet that aim to improve children's time reading [5] , most of them are designed for normal children. We aim at a virtual reality game that creates a time simulator for children with learning disorders and ADHD.
Connectivity between Time, Brain functions and ADHD Time perception needs the interconnectivity between multiple brain regions, including the cerebellum, basal ganglia, and prefrontal cortex. Individuals with cerebellar dysfunction may have difficulty with an event that requires precise movement timing [6, 7] . The basal ganglia, prefrontal cortex, and posterior parietal cortex have been suggested to be involved in interval timing [4] .
The mentioned brain regions are found to be involved in the dysfunction of time perception during cognitive testing in the ADHDs [8] . ADHD is a behavioral condition identified by DSM-IV [9] , which symptoms must be present before the age of seven, persist for at least six months, and be sufficiently severe to impact daily functioning across several settings such as home, school and interpersonal relationships. Children with ADHD have significantly smaller cerebral and cerebellar volumes, particularly the right cerebellum [6] . Besides, there are significantly lower levels of activation in the basal ganglia in children with ADHD [4] . However, rehabilitation as well as training could be done while they are in the early developmental stages [10] .
3 Virtual reality as a diagnostic/training game Virtual reality (VR) can be used in many aspects and application areas. VR simulations allow children with certain impairments to experience what could be difficult or even impossible for them to do in reality [11] . Fairley suggested that patients would feel more amused when they are rehabilitated using games that utilize VR [12] . Riva, Mantovani, and Gaggioli show that knowledge obtained in VR can be transferred into a real environment [13] . It is shown that participants who performed cognitive tasks that targeted on attention performance using VR did outperform scores of those who used the traditional methods [14] . However, we have found no existing effort in training time perception using a Game in Virtual Reality Environments (GVR).
Project approaches
We aim at GVRs that children with ADHD can play in, and at the same time offers opportunities to train and improve their time perception. Gaming is chosen because it can immediately give them rewards, which they attract to [15] . GVR aims at improving the working memory of children with ADHD, which found out as one of their core cognitive deficits [16] . Improving the working memory might reduce some of their symptoms and associated behavior problems [17] . Mnemonic strategy, which encoding the information in a way other than directly remembering, will be used in this project [18] .
The GVR uses linear storytelling so we can ensure that all the children experience the same branch of decisions. It includes mini games for specific memory tests for time estimation, production and reproduction. The game trains the children's time perception using various time teaching techniques such as clock faces or the appearance of the sky at different times of the day. It uses game-world time while teaching and uses real-world time while testing [19] . Before GVR is used as a psychological assessment tool, it must be evaluated by psychologists.
Conclusion
The goal is to investigate how effective time simulation in virtual reality is for children with learning disorders. Children with ADHD have time perception problems. However, their symptoms can be cured in their early ages. We believe that children with ADHD will have some benefits from learning time perception via GVR. The time simulator in virtual reality can be a candidate for the solution.
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